A simple method was developed for the pre-concentration of Co(II) based on the adsorption of its (E)-N 1 -((1-thiophen-2-yl) ethylidene) benzene-1,2-diamine complex on a neutral alumina column. The influence of acidity, eluting agents, stability of the column, sample volume and interfering ions was investigated in details. The adsorbed complex could be eluted using environmentally benign polyethylene glycol (PEG 400) and the concentration of Co(II) was determined by visible spectrophotometry at a wavelength maximum of 636 nm. A detection limit of 6 µg/l could be achieved and the developed procedure was successfully applied for the determination of Co(II) in spiked water samples. The pre-concentration factor attainable for quantitative recovery (>96%) of Co(II) was 100 for a 1000 ml sample volume.
INTRODUCTION
The direct determination of trace metals, especially toxic metal ions, such as Co, tin, arsenic, lead, antimony and selenium from various samples requires mostly an initial and efficient preconcentration step . This preconcentration is required to meet the detection limits as well as to determine the lower concentration levels of the analyte of interest (Jones et al., 1983) . This can be performed simply in many ways, including liquid and solid phase extraction techniques (Nambiar et al., 1998; Caroli et al., 1991) . The application of solid phase extraction technique for preconcentration of trace metals from different samples results in several advantages, such as the minimal waste generation, reduction of sample matrix effects as well as sorption of the target species on the solid surface in a more stable chemical form (Alexandrova et al., 1993) .
The normal and selective solid phase extractors are those derived from the immobilization of the organic compounds on the surface of solid supports which are mainly polyurethane foams (Arpadjan et al., 1997) , filter paper (Leyden et al., 1975) , cellulose (Gennaro et al., 1983) and ion exchange resins (Grote et al., 1985) . Silica gel, alumina, magnesia and zirconia are the major inorganic solid matrices used to immobilize the target organic modifiers on their surfaces (Unger, 1979 ) of which silica gel is the most widely used solid support due to the well documented thermal, chemical and mechanical stability properties as compared to other organic and inorganic solid supports (Boudreau and Copper, 1989) . The surface of silica gel is characterized by the presence of silanol groups, which are known as weak ion exchangers, causing low interaction, binding and extraction of the target analytes (Kvitek et al., 1982) . For this reason, modification of the silica gel surface with certain functional groups has successfully been employed to produce the solid phase with certain selectivity characters (Bruening et al., 1991) . Two approaches are known for loading the surface of solid phases with certain organic compounds, and they are defined as the chemical immobilization which is based on chemical bond formation between the silica gel surface groups and those of the organic modifier, and the other approach is known as the physical adsorption in which direct adsorption of the organic modifier with the active silanol groups takes place (Unger, 1979) . Selective solid phase extractors and pre-concentrators are mainly based on impregnation of the solid surface with certain donor atoms, such as oxygen, nitrogen and sulfur containing compounds Mahmoud et al., 1997; Tong et al., 1990; Dadler et al., 1987) . The most successful selective solid phases for soft metal ions are sulfur-containing compounds, which are widely used in different analytical fields. Amongst these sulfur-containing compounds are dithiocarbamate derivatives for selective extraction of Co(II) (Mahmoud, 1998 (Mahmoud, , 1999 and preconcentration of various cations Narin et al., 2000; Akama et al., 2000; Ohta et al., 2001; Cuculic et al., 1997; Moghimi et al., 2006; Tehrani et al., 2005; Thurman, 1998; Pawliszyn, 1997; Izatt et al., 1996; Hagen et al., 1990; Krueger, 1995; Yamini et al., 1994; Shamsipur et al., 1999; Shamsipur et al., 2002; Brunner et al., 2003; Zelder et al., 2004; Boll et al., 2005; Nayebi et al., 2006; Moghimi et al., 2007; Moghimi 2008; Moghimi, 2007) and 2-mercaptobenzothiazol-modified silica gel for on-line preconcentration and separation of silver for atomic absorption spectrometric determinations (Qiaosheng et al., 1998; Taylor et al., 1995) . Ammonium hexa-hydroazepin-1-dithiocarboxylate (HMDC)-loaded on silica gel as solid phase preconcentration column for atomic absorption spectrometry (AAS) and inductively coupled plasma atomic emission spectrometry (ICP-AES) was reported (Alexandrova et al., 1993) . Mercaptomodified silica gel phase was used in pre-concentration of some trace metals from seawater (Moghimi et al., 2010) . Sorption of Co(II) by some sulfur containing complexing agents loaded on various solid supports (Tajodini et al., 2010) was also reported. 2-Amino-1-cyclopentene-1-dithiocaboxylic acid (ACDA) for the extraction of silver(I), Co(II) and palladium(II) (Moghimi et al., 2006), 2-[2-triethoxysilyl-ethylthio] aniline for the selective extraction and separation of palladium from other interfering metal ions (Narin et al., 2000) as well as thiosemicarbazide for sorption of different metal ions (Campderros et al., 1998) and thioanilide loaded on silica gel for preconcentration of palladium(II) from water (Narin et al., 2000) are also sulfur containing silica gel phases. This paper describes the applications of modified (E)-N1-((1-thiophen-2-yl) ethylidene) benzene-1, 2-diamine complex on alumina column for selective extraction and solid phase pre-concentration of Co(II) from aqueous and natural water samples.
MATERIALS AND METHODS

Instrumentation
A Jasco V-576 (Japan) model double beam UV-Vis spectrophotometer fitted with tungsten lamp as the source was used for absorbance measurements. The 1 cm matched quartz cells were used for measuring the absorbance. The pH measurements were carried out by an ATC pH meter (EDT instruments, GP 353). The pH measurements were carried out by an ATC pH meter (EDT instruments, GP 353).
Chemicals and reagents
ACDA was prepared according to the procedure described by Takeshima et al. (1969) . The solutions were prepared using analytical grade reagents. Triple distilled and deionized water was used for the preparation of solutions. A stock solution of 1000 µg/ml Co(II) was prepared by dissolving 0.1354 g of Co(II) chloride (Qualigens Fine Chemicals, Mumbai, India) in 100 ml water. A working solution of 10 µg/ml was prepared by suitable dilution. About 0.01 g of (E)-N 1 -((1-thiophen-2-yl) ethylidene)benzene-1,2-diamine was dissolved in minimum amount of acetone and diluted to 100 ml. Polyethylene glycol-400 (Qualigens Fine Chemicals, Mumbai, India) solution was prepared in the ratio of 7:3 by dissolving 7 ml of polyethylene glycol with 3 ml of deionized water. Neutral alumina (Himedia Research Laboratories, Mumbai, India) of particle size 150 mesh was used as the adsorbent. Sulfuric acid (Qualigens Fine Chemicals, Mumbai, India) of concentration of 1 mol/l was prepared by diluting 55.5 ml of concentrated sulfuric acid with 1 L of de-ionized water. Water samples (Pilani, India) were collected, acidified and stored in polythene bottles.
Preparation of alumina column
A glass column of 1.5 cm in diameter and 15 cm in length was used for the preconcentration of Co(II). About 0.8 g of neutral alumina was mixed with 25 ml of triple distilled water to form slurry and then loaded on to the column. Cotton was placed at the bottom for allowing alumina to settle properly. The column was packed up to a height of 3 cm.
Procedure for pre-concentration
A 1 ml volume of 10 µg/ml Co(II) solution was mixed with 5 ml of 0.5 mol/l sulfuric acid followed by the addition of 5 ml of (E)-N 1 -((1-thiophen-2-yl) ethylidene) benzene-1,2-diamine solution and the resulting volume was maintained at 100 ml. The sample solution was loaded onto the column of neutral alumina maintaining a flow rate of 2 ml/min. The complex was adsorbed as a narrow band on the top of the column. The adsorbed complex was eluted using 10 ml of polyethylene glycol at a flow rate of 2 ml/min and the concentration of Co(II) was determined by visible spectrophotometry at 636 nm.
RESULTS AND DISCUSSION
Effect of acidity
The effect of acidity plays a significant role in the preconcentration studies. With pH meter, the volume of 0.5 mol/l sulfuric acid varied from 1 to 6 ml in 100 ml sample volume. The results are presented in Figure 1 . Quantitative recovery (>96%) was obtained in the range of 3.5 to 6.0 ml of 0.5 mol/l sulfuric acid. Beyond 6 ml, there was no change in the recovery of Co(II). 
Choice of the eluent
A variety of reagents were tested in order to elute the adsorbed complex from the column. In order to choose the most effective eluent for the quantitative recovery of Co(II), methylisobutylketone, chloroform, acetone, sodium hydroxide, polyethylene glycol and ethanol were studied. The adsorption studies were carried out maintaining an overall Co(II) concentration of 10 µg in 100 ml sample volume. The percentage of recovery Co(II) was found to be quantitative with ethanol and polyethylene glycol as eluting agents. However, polyethylene glycol was preferred owing to its noninflammability and less toxicity . It was observed that when the ratio of polyethylene glycolwater mixture is 7:3, a recovery of 99.7% could be attained.
Effect of sample volume
The effect of sample volume on the recovery of the analyte was investigated in the range of 100 to 1500 ml maintaining an overall concentration of 0.025 mol/l sulfuric acid. The resulting complex was eluted using 10 ml of polyethylene glycol. The results are as shown in Figure 2 . As can be seen from the figure, it is evident that the recovery of Co(II) is quantitative (>96%) up to 1000 ml sample volume. A preconcentration factor of 100 could be attained for quantitative recovery (>96%) of Co(II) when the sample volume was 1000 ml.
Effect of flow rate
The flow rate of 1 to 5 ml/min was found to be suitable for optimum loading of Co(II) (E)-N 1 -((1-thiophen-2-yl) ethylidene) benzene-1,2-diamine complex on the neutral alumina column. At higher flow rates, there was a reduction in the percentage adsorption of Co(II). This could be probably due to the insufficient contact time between the sample solution and alumina. A flow rate of 2 ml/min was maintained for the elution of Co(II).
Effect of the amount of alumina
The amount of alumina loaded varied from 0.25 to 2.0 g and the preconcentration studies were carried out using the previous procedure. Quantitative recovery of Co(II) could be obtained in the range 0.75 to 2.0 g of alumina.
For amounts less than 0.075 g/l of sample, there was a significant in the recovery.
Precision studies and limit of detection
Precision studies were carried out at 10 µg level of Co(II) by carrying out 10 separate determinations using the aforementioned procedure. The sample volume was maintained at 100 ml. The relative standard deviation of the method was found to be 3%. The sensitivity of the developed method is reflected by the limit of detection studies, defined as the lowest concentration of Co(II) below which quantitative recovery of the metal ion by alumina is not perceptibly seen. The limit of detection was found to be 6 µg/l.
Stability of the column
The stability of the column was tested using 10 µg Co(II) maintaining a sample volume of 100 ml. The adsorbed Co(II) (E)-N 1 -((1-thiophen-2-yl) ethylidene) benzene-1,2-diamine complex was eluted using 10 ml of polyethylene glycol-water mixture. The column could be used with good precision and quantitative recovery (>96%) for at least 10 cycles. Beyond 10 cycles, there was a significant reduction in the recovery of Co(II).
Effect of other ions
The interfering effect of diverse ions was studied at varying concentrations. The preconcentration studies were carried out as mentioned earlier using 10 µg Co(II) maintaining a sample volume of 100 ml. Table 1 showing the recovery of Co(II) with varying concentrations of metal ions. The recovery was found to be quantitative in the concentration range of the 98.0 250 metal ions that was investigated. Since, the ions that are commonly present in water samples did not interfere significantly, the method was applied to study the recovery of Co(II) in water samples.
Recovery studies in tap water and well water samples
The validity of the proposed method was tested by spiking known concentrations of Co(II) to tap water and well water samples. The water samples were filtered and stored in polythene bottles. The recovery of Co(II) was found to be satisfactory with a relative standard deviation of 2% for five replicate measurements and the results Table 2 .
Analysis of Co(II) content in real sample
The validity of the proposed method was tested by spiking known concentrations of Co(II) to tap water (Tehran, taken after 10 min operation of the tap) and rain water (Tehran, 2006) samples were analyzed (Table 3) . As shown in Table 4 , the added Co(II) ions can be quantitatively recovered from the water samples used. A known amount of the sample was igested with KMnO 4 -H 2 SO 4 -H 2 O 2 mixture and diluted to a particular volume. Known aliquots were taken and subjected to the preconcentration procedure as mentioned earlier. The recovery of Co(II) was found to be quantitative and the results are presented in Table 3 .
Comparison with other solid phase adsorbents
The proposed methodology was compared to a variety of solid adsorbents reported recently in the literature. Also, the proposed method was free of interference as compared to conventional procedures to determine Co (Moghimi, 2006; Choi et al., 2003; Saber et al., 2005) . As can be seen from the references, it is evident that the preconcentration factor obtained with alumina is comparable to or even better than most of the other chelating matrices. The other significant feature of the proposed method is the use of environmentally benign polyethylene glycol for the elution of the complex.
Conclusion
The proposed spectrophotometric method for Co(II) is simple, sensitive and exhibits good selectivity. The elution of the complex does not involve strong acids or toxic organic solvents. The advantage of using polyethylene glycol as the eluent lies in the fact that it is non-inflammable, inexpensive and non-toxic. The conventional solvent extraction procedure associated with metal dithizonates is avoided in this methodology. The highest preconcentration factor attainable was 100 for a 1000 ml sample volume. The method showed minimum interferences with commonly found ions in water sample and the recovery of Co(II) was quantitative. The important features of the proposed method are its higher adsorption capacity with good preconcentration factor. The developed method is sensitive in detecting Co(II) at parts per billion (ppb) levels. The column could be used with good precision and quantitative recovery for at least 10 cycles. The quantitative recovery of Co(II) with a low relative standard deviation of 3% reflects the validity and accuracy of the proposed method when applied to real samples. The method developed was simple, reliable and precise for determining Co in water. Also, the proposed method was free of interference as compared to conventional procedures to determine Co (Moghimi, 2006; Choi et al., 2003; Saber et al., 2005 
